Up to recently the respiratory disturbances were considered a risk factor for hypertension, but there was no trace of a role in metabolic disorders. Only recently the existence of a connection among the respiratory disturbance caused by the obstruction of the upper airways and a wide array of metabolic disturbances has been demonstrated. The respective roles of anoxia/ hypoxia and the attendant disturbed sleep remain, however, to be clarified.
INTRODUCTION
Up to recently the respiratory disturbances were considered a risk factor for hypertension, but there was no suggestion of a role in metabolic disorders. The existence of a connection between respiration and function of the metabolic machinery has been discovered in the last few decades. Both the patency of the upper respiratory airways and the metabolic functions are critical to survival and thus is no surprise that they may go hand in hand. The nasopharyngeal obstruction can occur at different anatomical levels and can be caused by many pathological processes. The most common are allergic and nonallergic rhinitis, turbinates hypertrophy, severe septal deviation, nasal polyposis, adenoid/tonsillar hypertrophy and oral anatomic alterations. The obvious and dramatic consequences are heavy snoring and the dangerous Obstructive Sleep Apnea Syndrome (OSAS). Fortunately topical, surgical and pharmacological interventions on nasal pathology are available to reverse symptoms and signs of both snoring and OSAS [1] [2] [3] [4] .
The metabolic functions in the body are strictly regulated. The most critical and well studied function is the regulation of the blood level of glucose.
The blood glucose serves an essential function in the body supplying the fuel for the cells. The relevance of this fuel is such that the body has a redundancy of mechanisms to avoid the dramatic and even lethal hypoglycemia: 1) Exogenous supply through food; 2) A liver reservoir that can be mobilized when needed through the process of glycogenolysis; 3) Turning aminoacids and fat into glucose (neoglucogenesis).
We currently know eight regulators of the blood glucose level and the delivery system to the cells elegantly defined the "ominous octet" by Ralph DeFronzo [5] (Table 1). Like any complex regulatory system, there are possible background "noises" interfering with the main signals. Recent research reveals that disturbed respiration and poor sleep could be potent interferences [6, 7] . While the relationships of sleep with blood pressure, central nervous system, the respiratory system and hormonal secretion are widely recognized, the role of disturbed respiration/disturbed sleep on blood glucose control remains ignored. One of the main problems is that disturbed sleep and sleep disordered breathing (SDB)/ OSAS are so intimately connected that single out the role of each is an extremely difficult task. In this paper we review the main evidence connecting poor sleep with metabolic disorders.
MAIN STUDIES
We searched the available literature for papers with There are not many studies on the subject of disturbed sleep/sleep apnea and blood glucose control and most of them lack sophistication or include a small number of patients, the observations are limited to one or few night's sleep and the role of the oxygen deprivation versus the number of overnight awakenings is not clear. A recent meta-analysis on 107,756 subjects participating in 10 studies reported an association between sleep quality assessed with a questionnaire and the risk of diabetes [10] . To the contrary experience on 70,026 women enrolled in the Nurses Health Study, indicated that the relationship between self reported sleep duration and incident diabetes was probably due to the confounding effect of Body Mass Index or weight gain [11] . In a recent paper Tasali et al. induced all-night selective suppression of slow wave sleep (SWS), without change in total sleep time. This intervention resulted in a marked decrease in insulin sensitivity without adequate compensatory increase in insulin release, leading to reduced glucose tolerance and augmented diabetes risk [12] . More recently the sleep Research center of Pennsylvania evaluated 1741 subjects of both sexes, using both the results from the sleep laboratory and questionnaires. This study demonstrated that insomnia with short sleep duration was associated with increased odds for diabetes [13] . Although this study has merits, the presence of sleep disorders was based on a standard questionnaire completed by the subjects which has an inherent uncertainty. Moreover if the questionnaires were self administered or completed with the help of the medical staff is not stated, but this aspect may have a considerable bearing on the results. In a more sophisticated study with indirect calorimetry and a double radar detection of physical activity, 31 obese diabetics were more sedentary during the day and had 59% higher spontaneous physical activity during sleeping than 61 nondiabetic obese control subjects. The Authors explain this with the restlessness from snoring [14] .
Doubtless impaired respiration/OSAS are strictly related to sleep performance, but the available studies fail to give definitive proof of the involvement of oxygen deficit on blood glucose control. There are however some papers pointing to a role of OSAS. Tiihonen demonstrated that insulin resistance is related to the severity of sleep apnea on 8 patients who underwent an overnight polisomnographic recording and an OGTT [15] . That OSAS can induce insulin resistance was demonstrated in a recent study of 118 nondiabetic males who underwent polysomnography and the Frequent Sampled Intravenous GlucoseTolerance test (FSIGIT), a test that can reveal subtle abormalities of insulin sensitivity [16] . In these subjects, compared with those without OSAS the insulin sensitivity was reduced respectively of 27%, 37%, 48% according to the presence of slight, moderate, or severe OSAS [17] . In another study of 150 men the Authors demonstrated that an increase in Apnea/hypopnea index was associated with increased risk of Impaired Glucose Tolerance and increased insulin resistance. This impairment was apparently related to the severity of Oxygen desaturation [18] . A 12-year follow-up of 2663 middle aged Swedish subjects demonstrated a high incidence of diabetes in men with sleep complaints or short sleep duration. Unfortunately this study was entirely based on postal questionnaires obtained at 12 years distance. While this study is relevant its design presents obvious limitations [19] . Another recent cross sectional analysis of >2500 OSAS non diabetic subjects demonstrated a significantly high prevalence of prediabetes and incident diabetes independent of obesity [20] . A group from Chicago recently presented the results of a study of 60 consecutive diabetic outpatients who underwent a polysomnography and HbA1c assay. In these subjects increasing severity of OSAS was associated with poorer glucose control, independent of adiposity and other confounders, with effect size of 1.49% [21] . An interesting study with pulse oxymetry of 4398 Japanese OSAS subjects followed for average 3 years for the development of diabetes, demonstrated a non statistically significant increased risk ratio of 1.26 in those with mild-intermittent hypoxia and a significant 1.69 for those with moderate-severe hypoxia [22] . Another indirect and intriguing observation comes from the Accord study. This study was started to confirm a positive effect of the intensive glucose lowering therapy on the cardiovascular outcome of diabetics, and was interrupted due to an unexpected excess of deaths in the intensive group.
Interestingly this group showed an increase in weight, that may have aggravated the respiratory difficulties and with this mechanism increased the mortality [23] . There is evidence that the presence of OSAS causes an increase in the inflammatory cytokines, mostly TNF-alpha, that in turn can cause further increase in insulin resistance and atherosclerotic cardiovascular damage [24] [25] [26] . In a case control study, thirty OSA subjects were found to have a significantly more adverse vascular risk factor profile than 30 matched non-OSA subjects [27] . This was confirmed in another more recent matched case-control study of 42 OSAS subjects with increased insulin resistance and other risk factors for vascular disease [28] . Interestingly the inflammatory cytokines appear to have a role in causing pancreatic B-cell damage [29, 30] . In summary, these studies can give sufficient proof of a connection between sleep disturbances, respiratory distress and glucose metabolism. Sleeping disordered breathing/ OSAS is also connected with obesity, which in turn is a factor in co-causing or worsening diabetes (Figure 1) . Out of 773 OSAS subjects studied by Harsh and coworkers only 48 had a normal body weight, 174 were overweight and the remaining 551 were frankly obese [31] . Among these the OSAS subjects were particularly prone to gain weight [32] . Apparently sleep can modulate appetite through the hormonal environment and the hormone leptin [26] . This hormone is one of the main regulators of body weight and has a primary role in appetite control [33] . A recent randomized, 2-period, crossover clinical study of 12 healthy men explored daytime profiles of plasma leptin and ghrelin levels and subjective ratings of hunger and appetite. The observation was protracted for 2 days of sleep restriction and 2 days of sleep extension under controlled conditions of caloric intake and physical activity. The analysis of the data demonstrated that short sleep duration in young, healthy men is associated with decreased leptin levels, increased ghrelin levels, and increased hunger and appetite [34] . Another multicentric longitudinal cohort Figure 1 . A simplified scheme of the interactions between respiratory distress and metabolic disorders. study of the cardiovascular consequences of sleep apnea reported that changes in weight were related to an increase or decrease in sleep disordered breathing (SDB), and the relationship was stronger in males than in females [35] . Another interesting piece of information almost overlooked comes from studies on OSAS and male gonadal function. Many authors demonstrated that males with OSAS have reduced LH and testosterone with consequent hypogonadism [36] [37] [38] [39] . Low testosterone levels and hypogonadism are in turn associated with diabetes and obesity [40] [41] [42] [43] . Apparently as total body fat mass increases in the presence of low testosterone levels, hormone resistance develops for leptin and insulin. In agreement with these observations we described an increased leptin level in a population of diabetics suggesting the presence of leptin resistance [44] . More indirect data on the role of OSAS come from studies using the CPAP. In one of these studies on 30 OSAS subjects followed up to two months the use of CPAP modulated leptin and the other hormones involved in appetite regulation, independent of obesity [45] .
The available data also demonstrate the existence of a series of anatomo-functional alterations acquired in Obesity and Diabetes than can further worsen OSAS thus creating a harmful vicious cycle: obesity reduces the pharyngeal lumen [46, 47] causes ovalization of the pharingeal shape [48] and the large abdomen causes a mass effect on tracheal traction [49] . Furthermore obesity increases daytime somnolence and inactivity [50] [51] [52] and as reported previously alters the hormonal balance interfering with appetite [53, 54] . Of interest is the association of OSAS with the cardiovascular autonomic neuropathy of diabetes [55, 56] , a condition that carries a high mortality rate [57] . The patency of the pharyngeal airways is dependent on the activity of central and peripheral neurones on the genioglossus and tensor palatini muscles, and it is legitimate to think that autonomic neuropathy can interfere with their function.
Unfortunately even the most sophisticated equipment cannot explore simultaneously all the intricacies of the glucose metabolism, the sleep rhythms and the respiratory and metabolic functions, thus the evidence is at most extremely suggestive but not conclusive. Furthermore due to the technical difficulties with the Continuous Positive Airway Pressure (CPAP) during sleep the compliance with this treatment is extremely poor and any the possibility to evaluate the results is compromised. It is also worth mentioning that any attempt to improve the quality and quantity of sleep with the benzodiazepine drugs inevitably results in a worsening of the respiratory pattern, thus probably reversing any beneficial effect Other relevant aspects of glucose metabolism, like glucose variability or the remote effects of nightly OSAS on postprandial blood glucose, have not been explored. Last, there was no consideration of the effect of minor degrees of respiratory obstruction on the various aspects of glucose metabolism. Any future study aiming to shed light over this puzzle should explore the sleep pattern, the breathing pattern and the blood glucose profile at the same time and for a prolonged time. We now have more powerful tools to study this problem, like the Holter monitors, and some metabolic monitors that in the near future will give more consistent answers to our doubts.
CONCLUSION

